EXECUTIVE SUMMARY BY ROBERT R. RADCLIFFE DR. RICHARD D. TABORS This report summarizes two interdependent studies which explore the underlying factors in the decision by private, private non-profit, and public sector facility owners to invest in cogeneration technology. They employ factor analysis techniques to explain the decision to invest and discriminant analysis to group the survey respondents into non-cogenerators and potential cogenerators. Data for both studies come from a survey of commercial, industrial, and institutional electric energy consumers who used more than 750 KW demand in any one month of 1981 for a selected electric utility in the Boston area. There were 129 usable responses to the survey or 32.2 percent of the population.
2) The leverage an electric utility firm has upon private, private non profit, or public sector cogeneration decisions is small.
Study results confirm that a number of non economic factors over which the utility has little if any influence have an affect upon the decision of organizations to adopt cogeneration technology. These factors are listed below. Since the electric utility has little or no leverage to affect factors 1 to 4 or factors 8 to 12, there is a strong indication that the utility cannot easily positively affect the decision to adopt cogeneration technology short of joint financial ventures (factors 5 and 6). We make several assumptions in these two analyses which have an effect on our conclusions. They are:
1) The most cost effective cogeneration systems in the northeast are or would be coal fired.
2) Oil fired cogeneration steam systems may be sized to meet base load and may be cost effective as long as the electric utility uses oil as its marginal generation fuel.
3) High speed diesels will not be cost effective on this utility system due to the fact that the utility marginal fuel is less expensive number 6 oil.
4) Low speed diesels will have major difficulties meeting air quality control laws in the urban areas of Boston.
The reader is cautioned not to make sweeping generalizations of these results or assumptions to other utility territories. In particular, relative prices of electric energy, electric demand, and fuel used for electric generation vary substantially between utilities. Relative price differences may be due to differences in taxation, in energy demand charges, in use of ratchet charges, or a combination of the three.
MEASUREMENT GOALS
This report drew upon disciplines other than engineering economics to identify variables in the decision process for investment in cogeneration systems. Our hypothesis was that the nature of the investment decision process used by private, private non-profit, and public organizations limited the potential penetration of cogeneration technologies in the Northeast United States.
These studies sought to answer the following questions:
1) Are non-economic variables important in the decision to use cogeneration technologyv
2)
If non-economic variables are important in the decision to use cogeneration, which variables are most importantp
3)
What can be inferred about the prospect of cogeneration technology penetration in this utility market area from the results of this studyp
If non-economic issues restrict penetration of cogeneration technology in the energy market of a utility service territory, it should be possible to find organizations which have facilities with energy use characteristics conducive to cogeneration but policies which, to date, have restricted use of the technology.
RESEARCH DESIGN
The research design utilized a two-step procedure involving a mailed-out questionnaire and a follow-up telephone call or personal visit. Estimated energy saving associated with cogeneration vary by an order of magnitude. Estimates of additional electricity production and equivalent base-load generating capacity vary by more than an order of magnitude."
The conclusions of these earlier studies were:
1) With the exception of Thermo Electro (1976), all studies either conclude or assume steam turbine cogeneration systems using coal are the most economical choice.
2) Diesel and gas turbine systems are not as economical as coal fired steam turbine systems.
3) Oil fired steam turbine systems are less economic than coal fired but more economic than diesel or gas turbines (at least in the Northeast). (Pickel, 1982) 
NON-ECONOMIC ISSUES
Nearly all of the cogeneration studies raised questions about the effect of non-economic issues on the decision to invest in
cogeneration. The amalgam of non-economic issues from the literature fall into nine different classifications. A typology of these issues, and the reports from which the issues are derived, is listed in Figure   2 .3.
The nine classifications were:
1) Regulation -Utility
Utility regulation is cited in at least a dozen studies as the prime disincentive for private organizations to cogenerate. The nature of electric utility regulation does, in fact, make any organization selling electricity subject to regulation in most states. In Massachusetts, for example, sale of any electricity outside of the organization makes the seller a utility under chapter 164 section 1, 2 and 3. (Massachusetts Statutes Annotated, 1978) 2) Regulation -Environmental
The same publications cite environmental control laws as a major detriment to cogeneration. The laws are voluminious and their application uncertain due to the imprecise nature of the regulations and due to their use on a site specific basis.
3) Utility Attitude
Sources of comments about utility attitude and cogeneration are found in eleven of the publications. Two of these appear frequently. First, utility advocacy is desired to enhance opportunities for cogeneration. Second, utility participation is preferred, particularly by small industries and, by implication, small commercial and institutional users to allow the small firms access to qualified operations personnel without the expense of maintaining them as full time employees.
4) Line of Business
A few publications point to one corporate strategic decision which is a prerequisite for consideration of cogeneration. A company must want to be self sufficient in energy. Otherwise, industry management is reluctant to become involved in what is considered a highly regulated and capital intensive activity, electric generation.
5) Uncertainty
A number of reports point to the lack of certainty about regulations, price of fuels in the future , and consistency of economic signals. In speaking directly to the price issue Joskow notes: "Future price uncertainty (of electricity) makes future profits random variables. The more firms are risk-averse, the more they will shy away from diesel and gas turbine cogeneration in favor of steam turbine cogeneration or no cogeneration at all." (Joskow, 1981 , p. 59)
6) Financial limits
Ten of the publications point to one or more elements of financial constraints upon the use of cogeneration systems. Most of the citations argue that cogeneration is alien to the industries normal line of business and therefore industry adds a discount premium to the cost of capital to account for this added risk. Other reports focus on absolute limits to capital implicit in poor economic conditions. In either case, the implication of risk adjustment or capital limits is a higher cost to a firm wishing to cogenerate.
7) Market imperfections in pricing
Four publications specifically mention market imperfections in setting of electric utility rates as a major disincentive to cogeneration. Pickel points to "price disincentives" such as ratchet charges for KW demand used by a cogenerator as a prime problem. (Pickel, 1982 , pp. 11-49, II-50) Joskow and Jones (1981) argue that utility electric prices not equal to marginal cost cause equivalent problems.
8) Timing
Only two papers raised the important question of timing of cogeneration investment. In this case, the difference between the economic life of a cogeneration unit and the planning horizon of a company is listed as a significant problem preventing cogeneration. Beyond the issue of lead time mentioned by Brown, there is an issue I would call a planning window. For cogeneration to be selected at all, it must meet all investment criteria of the organization and do so at a time when the decision to engage in physical plant expansion or retrofit is being made. (Bulpitt, personal communication) This planning window occurs within a short period of time and under somewhat constrained conditions. Intuitively, these conditions include: a) Impending retirement of existing physical plant at the same time expansion of capacity is to occur. Cogeneration may be sized to handle both retired boiler and expansion. b) Expansion of capacity -Cogeneration typically is sized to handle expanded capacity.
I1 9) Power pool relations
Only one study mentioned relations within an electric power pooling agreement as a possible problem for cogenerators. In this case, the report recommended the utility companies in a power pool allow a cogenerator to sell power to any other utility in the pool as a way of providing the cogenerator with maximum bargaining power. 
SURVEY INSTRUMENT

DEVELOPMENT
A mailed-out survey was used to build the core of the analytic data base. The questionnaire consisted of 3 segments; 1)Identification and screening information, 2)Policy questions to evaluate various elements of strategic, long-range, or operational planning, and
3)Physical plant characteristics and energy use for a specific facility.
COGENERATION DECISION VARIABLES
There are five key types of interrelated information needed to 
Identification
There are seven variables used to develop descriptive information on each respondent. This identification information is used to classify respondents and to identify differences in response between organizations.
Variables include:
-organization type -SIC classifcation -organization function -facility use -electricity account number area served -square feet -facility ownership, lease, or rental
Strategic Planning
This study differentiates strategic planning from long range planning on the basis that strategic planning provides a sense of direction about the company and policies for evaluation while long range planning sets out realistic capital budgets to achieve those policies.
There are a number of strategic issues related to energy use at a facility. These strategic issues for cogeneration include two dimensions of energy policy (energy conservation and fuel switching) and policy on joint ventures for energy projects.
-Energy independence -Energy independence from utility -Energy efficiency -Reduce oil imports -Joint funding energy projects -Joint funding with utility -Joint funding with utilty impossible -Energy conservation projects low priority -Availability of financing prohibits cogeneration -Economy limits cogeneration -Regulation as utility -Good utility relations limit cogeneration -Cogeneration viable investment -Scarce oil use vs. savings
Long Range Planning
Long range planning, management control and capital budgeting are different names for the second stage of an organization's planning process. Given the goals and policy laid out in the strategic planning process, how does management implement these goals. "The
components of capital budgeting analysis involve a forecast of the benefits and costs of a project, discounting the funds invested in a project at an appropriate rate, assessing the risk associated with the project, and follow up to determine if the project is performing as expected" (Clark, 1979 , p. 4).
There are three groups of questions related to long range planning for cogeneration. These questions include financial issues, timing of investment, and uncertainty about regulation. In many cases these issues interrelate so that the effect of perceptions about one issue provides input into the solution of a second issue. For example, a firm may determine a project hurdle rate, a minimum rate of return which a project must exceed to be funded. The perception that delay due to the air quality regulation approval process increases risk may be (incorrectly) evaluated by adding an interest rate premium to the hurdle rate.
Similarly, the issue of timing may prove to be significant in conjunction with the discount rate. A short planning horizon is usually associated with a high discount rate and an emphasis on short term returns. Such an emphasis on the short term works to the detriment of capital improvements because investment characteristically reduces return on investment in the early years of a project.
Variables include: Annual Capital Charge
Timing issues are considered in one of three ways. Uncertainty issues -Changing air quality regulations -Changes in air quality regulations will cause expense -Electricity production for own use -Electric sale price limits cogeneration -Regulation as a utility -Backup charges prevent cogeneration -PURPA Awareness -Cogeneration policy change due to PURPA
Operational Planning
Operational planning, operational control, tactical planning, and operating budget planning, are synonymous terms to define "the process of measuring that specific tasks are carried out efficiently and effectively" (Lorange, 1972, p. 4) .
The operation planning elements of the survey look at two types of information. First, there are a number of questions which measure perceived limits of cogeneration systems or operating objectives. The second group of questions comprises the final one half of the survey.
These questions evaluate physical characteristics of the facility and establish operational conditions. 
Energy Use
The most important factor in consideration of traditional cogeneration systems is process energy use. However, signficant evidence exists to argue that systems may now be designed to be electric load following. With PURPA regulations, the ability to sell excess power to the electric utility provides the opportunity to take advantage of electric load following cogeneration to use greater electricity production from any cogeneration capacity. There was a telephone follow up on significant omitted information within three weeks of response arrival. Significant information is limited to energy use, square feet, discount rates and planning horizon, fuel type, and heating plant type.
Tests for Reliability
Five of the variable pairs were designed to check internal reliability of responses. Results of these reliability tests are mixed. The first three pairs have both high gamma scores* and have
the expected sign. The fourth pair were expected to have a high degree of discordance, but, in fact, have a low degree of concordance. This means knowing that respondents favor energy independence from foreign sources will not help very much in predicting whether a respondent will seek to supply their own electrical needs. Similarly, we expected a negative relationship and high gamma score for the last variable pair. In this case, knowing a company would consider a jointly funded project only with the electric utility was expected to be diametrically opposed to an answer that under no circumstances would an organization engage in a jointly funded project with a utility. While the direction is correct, the gamma score is lower than expected.
Tests for Bias in Response
The key question in testing for consistency in distribution of responses between respondents and total population is whether the respondents are proportionally representative of the total population. In this case, there are no statistically significant differences in response proportions by ownership, organization function, title of individual contacted, or KW demand.
*
Gamma is the number of concordant pairs minus the number of discordant pairs divided by the total number of pairs. The value of gamma can be taken as the probability of correctly quessing the order of a pair of cases on one variable once the ordering on the other v4riable is known (Nie, et. al., 1975) . 
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possibility of an organization being regulated as a utility (25 percent disagree) nor the risk of poor relations with a utility (40 percent disagree) would strongly affect the decision to use cogeneration, assuming it was cost effective at a facility.
Long Range Planning Questions
Financing questions discuss the planning horizon for capital budgeting items, the calculation method used for evaluating a potential cogeneration system, discount rates and discount rate premiums used. 17.5 percent. The majority of discount rates cited by respondents were at or below that estimate (69.5 percent). The lowest estimates come from local and state government and private non profit organizations while consistantly higher estimates come from private organizations. Adding interest premium estimates to the discount rates still yields 60 percent of respondents at or below the CAPM estimated discount rate.
Finally, long range planning contains uncertainty due to regulation, environmental or utility, pricing of potential electricity output, and upcoming changes in Federal regulations due to PURPA. All of these questions use five point agree -disagree scale answers.
Variable 41 uses different terminology to describe the scale response, ranging from definately will make a difference in company policy toward cogeneration to definateTy would not make a difference.
PURPA, designed as legislation to give organizations bargaining power if they choose to cogenerate, is an unknown factor at the present. Forty-nine percent of respondents were not familiar with PURPA and an additional 31 percent were only somewhat familiar with PURPA.
Operational Planning
Two aspects of operational planning are included in this study.
First, a small number of questions look at operating policy constraints. Second, a much larger group of questions looks at a rough cut indication of present operating conditions. 3) Commission set rates for electric utilities purchase of electricity from cogeneration or small power producers. The law also states that qualifying cogenerators and small power producers will not be regulated. In your opinion, will knowledge about PURPA change your organization's policy towards coyeneration.
The five point scale questions indicate most organizations presently don't have personnel who are able to operate a cogeneration plant (54.9 percent). Conversely, make up water supply (21 percent agree it limits technology) and electricity sale price (6 percent agree it limits technology) do not appear to be a major limitation.
The questions on operating characteristics of the respondents are divided into three types. The first type defines the plant, the second type defines how the plant is used and the third type defines considered and rejected coal use and only 5 indicated it would be considered or would be used. Consideration of coal derived fuel is only slightly more likely. Nineteen respondents indicated they would consider coal derived fuels but 60 (56.6 percent) had not and were not likely to consider such fuels.
Underlying relations in the responses
The method chosen to define these underlying relationships is factor analysis ( See Appendix B for a short description of Factor Analysis). Alpha factoring assumes the variables are part of a larger but unknown universe of all variables which could explain the phenomenon of cogeneration. Alpha factor analysis was used to identify the maximum generalizability of variables.
The "importance" of the factors is, in a very special and limited sense, that they successively explain smaller and smaller amounts of total variance common or shared by all variables in the data set.
Consequently, the first factor derived may be considered the most important in explaining variation and therefore one can infer it is the most important of the factors.
Each of the derived factors is discussed below: Respondents express a strong support for energy efficiency. While the coefficient for variable 13 is negative, the interpretation of this coefficient supports strong energy conservation objectives as a factor in the decision to adopt cogeneration technology. The question is worded to determine if respondents would not adopt oil fired cogeneration, even if it were cost effective, since adopting cogeneration under these circumstances would increase use of imported oil. Factor 9 -COST OF CAPITAL
The discount rate loads highly and negatively on factor 9. This loading pattern indicates that as discount rates get higher the relationship with cogeneration is higher. This anomoly comes from responses by private sector firms which both use discounted cash flow methods and higher discount rates compared to public sector respondents. Table 4 .5 contains these coefficients.
The size and direction of the coefficient is a significant indicator of the importance of each of these variables in the decision to use cogeneration. We divide the variables into two groups: policy and physical variables. To check on the quality of the discriminant function developed in the analysis section, each case was classified according to their variables as members of either group 1 (cogenerators) or group 2 (non-cogenerators). In sum, discriminant analysis appears to be a good technique for determining those facilities which have characteristics which could make them good prospects for adoption of cogeneration technology.
This technique of stepwise discriminant analysis identifies those organizations which do not cogenerate and determines if they should be "grouped" with those organizations which do cogenerate.
For the electric utility territory in question, we found very few 
The discriminant function is useful in two ways. These two uses are analysis and classification of cases. "The analysis aspects of this technique provide several tools for the interpretation of data.
Since the discriminant functions can be thought of as the axes of a geometric space, they can be used to study the spatial relationships among the groups. More importantly, the weighting coefficients can be interpreted much as in multiple regression or factor analysis. In this respect, they serve to identify the variables which contribute most to differentiation along the respective dimension (function)." (Nie et al. 1975 pp.435)
The use of discriminant analysis as a classification technique comes after the initial computation. Once a set of variables is found which provides satisfactory discrimination for cases with known group memberships, a set of classification functions can be derived which will permit the classification of new cases with unknown memberships.
To check on the adequacy of the original discriminant functions, We classify the original set of cases to see how many are correctly classified by the variables being used. The procedure for classification involves the production of a probability of membership in the respective group, and each case is assigned to the group with the highest probibility. The rule of assigning a case to the group with the highest score is then equivalent to assigning the case to the group for which it has the greatest probability of membership. 
